INTRODUCTION {#sec1-1}
============

Bariatric surgery results in effective and sustained weight loss and resolution of comorbidities in the morbidly obese.\[[@ref1]\] Common bariatric procedures in current practice include laparoscopic adjustable gastric banding (LAGB), laparoscopic sleeve gastrectomy (LSG), laparoscopic Roux-en-Y Gastric Bypass (LRYGB) and laparoscopic bilio-pancreatic diversion (BPD). LAGB and LSG are popular due to technical ease.

The incidence of revisional surgery is increasing due to inadequate weight loss or weight re-gain. However, certain procedure-specific complications also form indications for revision. Complications such as band erosion and slippage, oesophageal dilatation and dysmotility and tube/port dysfunction may occur after LAGB.\[[@ref2]\] Persistent staple-line leak, dysphagia secondary to stricture formation and gastro-oesophageal reflux disease (GERD) are complications specific to LSG.\[[@ref3]\]

The requirement for revisional bariatric surgery ranges from 5% to 50%.\[[@ref4]\] LRYGB is a popular revisional procedure with several studies showing good weight loss.\[[@ref5][@ref6][@ref7][@ref8]\] However, results following revisional LRYGB (rLRYGB) are considered inferior when compared to those following primary LRYGB (pLRYGB). We performed a retrospective study in which patients undergoing rLRYGB at our institute after a previous bariatric procedure (either primary LAGB or primary LSG) were compared with a case-matched cohort undergoing pLRYGB, with the aim of reporting the peri-operative and early outcomes of rLRYGB versus pLRYGB. We also reviewed literature relevant to revisional bariatric surgery.

MATERIALS AND METHODS {#sec1-2}
=====================

Computerised records of patients have been maintained prospectively since the beginning of the bariatric surgery programme at our institution in 2003. Records of all patients undergoing bariatric surgery from the beginning till date were reviewed. Fifty-five LAGB have been performed at this institute, of which ten required revision subsequently. The corresponding figures for LSG are 374 and seven.

Study population {#sec2-1}
----------------

The study period was defined as December 2009 to December 2012. Thirty-eight patients underwent revisional bariatric surgery in this period. The decision of choice of revisional procedure was taken by a well-informed patient.

Revisional LSG was done in eight patients, and they were excluded from the study. Of 38 patients undergoing revisional bariatric surgery, thirty underwent rLRYGB and were included in the study. This group of patients undergoing rLRYGB was labelled Group A. The primary bariatric procedure in Group A was either LAGB or LSG.

A parallel comparable group of patients undergoing pLRYGB (Group B) was identified from our data-base and were matched case-to-case with each patient in group A.

Matching process {#sec2-2}
----------------

The patients in the two groups were matched on the basis of body mass index (BMI) and the presence of comorbidities, i.e., hypertension and diabetes mellitus, at the time of LRYGB.

Surgical procedure {#sec2-3}
------------------

The revision from LAGB to rLRYGB was done in two stages. In the first stage, only the gastric band was removed. The second stage was performed after 3--6 months, to allow resolution of fibrosis and scarring, and included the definitive surgery, i.e., rLRYGB. The revision from LSG to rLRYGB was a single-stage procedure.

Patients in both groups underwent a standardised ante-gastric ante-colic LRYGB, the salient features of which are as follows: the omentum was divided vertically to decrease the tension on the ante-colic Roux limb. The lengths of bilio-pancreatic and alimentary limbs were 75 cm and 100 cm, respectively. The jejuno-jejunostomy (JJ) was done by "triple stapled technique," i.e., side-to-side anastomoses with application of 60 mm linear endo-stapler (Echelon ENDOPATH^™^, Ethicon) (white cartridge) in both directions from the enterotomy, and closure of the common enterotomy by a third application of the same stapler. A gastric pouch 20--30 ml size is formed by the serial application of 60 mm linear endo-stapler (blue cartridge). The gastro-jejunostomy was created using 25 mm circular stapler (3.5 mm stapler height, DST Series^™^ EEA^™^ OrVil^™^ 25 mm). Both the Petersen\'s and JJ mesenteric defect were closed from base to apex using a continuous non-absorbable suture technique.

Discharge criteria {#sec2-4}
------------------

A defined discharge protocol was followed in all patients. Patients were discharged when they achieved an oral liquid intake of \>1.5 L, were ambulating well and post-operative pain was well controlled with oral analgesics.

Follow-up protocol {#sec2-5}
------------------

A 24-h emergency number was provided to all patients after discharge. They were advised to actively report symptoms such as severe abdominal pain, vomiting and melena. Follow-up visits were scheduled at 1, 3, 6 and 12 months post-surgery. In case of no-show at scheduled follow-up, an attempt was made to contact them telephonically.

Data collection {#sec2-6}
---------------

For both groups, operative time, early post-operative morbidity and length of hospital stay (LOS) was recorded. BMI of patients in both groups was recorded before surgery, and at 6 and 12 months after surgery. For patients in Group A, BMI before the primary bariatric procedure was also retrieved to determine the total decrease in BMI, i.e., from *before* initial bariatric procedure to 12 months *after* revisional surgery. The degree of resolution of co-morbidity was noted at 12 months follow-up visit. No patients were lost to follow-up in either group.

Outcomes {#sec2-7}
--------

The primary outcome of the study was to compare early decrease in BMI (at 6 and 12 months post-surgery) in patients undergoing rLRYGB (Group A) with those undergoing pLRYGB (Group B). We also compared the resolution of comorbidities between the two groups, and operative duration, LOS and complication rates.

Statistical analysis {#sec2-8}
--------------------

The demographic data of the two groups were compared statistically to demonstrate adequate matching. Pre-LRYGB BMI of the patients was found to be normally distributed, and hence has been expressed as mean (standard deviation) in [Table 1](#T1){ref-type="table"}. The changes in BMI post-LRYGB are skewed in their distribution and hence in subsequent tables, i.e., Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}, median (inter-quartile range) is used and the changes post-LRYGB at 6 and 12 months were analysed using the Mann--Whitney test. Operative time was expressed in mean (standard deviation). The data were analysed using SPSS software version 16 Statistical Package for the Social Sciences (SPSS).

###### 

Demographic data of the two groups in the study (*n*=30)
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###### 

Comparison of decrease in body mass index
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###### 

Comparison of decrease in body mass index in Group versus Group B at 12 months
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RESULTS {#sec1-3}
=======

Study population description {#sec2-9}
----------------------------

During the study, thirty patients underwent rLRYGB (Group A). The primary bariatric procedure was LAGB in 17 patients, and LSG in 13.

Among post-LAGB patients, 7/17 had undergone banding at our institute, whereas 10/17 had been banded at other centres and presented to us for revision. All 13 post-LSG patients had their primary bariatric surgery at our institute.

The post-LSG patients underwent revision due to inadequate weight loss or weight regain, but not for procedure-related or technical complications. The indications for revision after LAGB in this study were inadequate weight loss primarily, or stomach prolapse and band migration, leading to inadequate weight loss or weight regain.

The time between primary bariatric procedure and revisional surgery ranged from 3 to 7 years for Group A.

The demographic data of the two groups are represented in [Table 1](#T1){ref-type="table"}.

Decrease in body mass index {#sec2-10}
---------------------------

The decrease in BMI was significantly less in Group A (rLRYGB) than Group B (pLRYGB) at 6 and 12 months follow-up (*P* \< 0.001 and *P* \< 0.0001, respectively). [Table 2](#T2){ref-type="table"} shows comparison of decrease in BMI.

We considered total decrease in BMI for Group A, i.e., decrease in BMI from before the primary bariatric procedure to 12 months after revisional surgery. The total decrease in BMI in Group A (rLRYGB) was less than the decrease in BMI at 12 months post-pLRYGB for Group B (pLRYGB), but this was not statistically significant (*P* = 0.23). [Table 3](#T3){ref-type="table"} shows comparison of total decrease in BMI in Group A versus Group B at 12 months.

Resolution of co-morbidities {#sec2-11}
----------------------------

The resolution of comorbidities was similar between the two groups. [Table 4](#T4){ref-type="table"} shows comparison of resolution of comorbidities between the two groups.

###### 

Comparison of resolution of comorbidities between the two groups

![](JMAS-14-52-g004)

Operative time, morbidity and length of hospital stay {#sec2-12}
-----------------------------------------------------

The operative time (expressed as mean ± standard deviation) was 151 ± 17 min for rLRYGB versus 137 ± 11 min for pLRYGB (*P* \< 0.0004).

The only peri-operative complication seen in either group was a significant drop in haemoglobin requiring blood transfusion. This was similar in both groups (13.3%). There were no complications encountered during band removal procedure.

There was no significant difference in LOS between the two groups.

([Table 5](#T5){ref-type="table"} Comparison of operative time, morbidity, mean hospital stay).

###### 

Comparison of operative time, morbidity, mean hospital stay

![](JMAS-14-52-g005)

DISCUSSION {#sec1-4}
==========

In this study, we analysed thirty patients who underwent rLRYGB, after primary bariatric procedure that was either LAGB or LSG. We compared these patients with a matched group of patients who underwent pLRYGB. The parameters compared were decrease in BMI at 6 and 12 months post-LRYGB, resolution of comorbidities, operative time, complication rate and LOS for both groups. We found that the decrease in BMI in Group A was significantly less than in Group B at 6 and 12 months post-surgery, at both points of time. However, this difference although persistent, was not statistically significant when total decrease in BMI for Group A was considered. There was a comparable decrease in comorbidities in both primary and revisional groups. The operative time was longer for revisional surgery than for pLRYGB, here were no significant differences in peri-operative morbidity and hospital stay between both groups.

The incidence of surgical revision after a primary bariatric procedure varies widely in published literature and has been reported to range between 5% and 56%.\[[@ref4][@ref9]\] The indications for revision are diverse. Following LAGB, they may be classified as either implant-related such as slippage, migration, leakage, breaking and disconnection of band, motility problems leading to band intolerance such as gastric pouch dilatation, oesophageal dysmotility and reflux, or weight-related such as inadequate weight loss/weight regain.\[[@ref10]\] Conditions necessitating revision of LSG include inadequate weight loss/weight regain, severe GERD, stricture and persistent leak.\[[@ref11]\]

In this study, all patients were morbidly obese at the time of revision. The main indication for revision after primary LSG was inadequate weight loss or weight regain and none were done for technical complications. Patients with primary LAGB underwent revision for a variety of reasons including inadequate weight loss primarily, or stomach prolapse and band migration, leading to inadequate weight loss or weight regain. No patient in Group A had pre-revisional weight loss secondary to complications such as stomach prolapse/band migration.

For the purpose of this study, we defined inadequate weight loss as less than 40% excess weight loss (EWL) at 1 year post-procedure\[[@ref12]\] and weight re-gain as more than 15% weight increase from nadir.\[[@ref13]\] There is much debate regarding appropriate measures to define success or failure of bariatric procedure. Brolin defined a loss (≥50%) of excess weight as satisfactory, a criterion that has been subsequently used by various investigators.\[[@ref14]\] According to the criterion of Reinhold\[[@ref15]\] modified by Christou\[[@ref16]\] post-operative outcomes are good when BMI ≤35 kg/m^2^ and excellent when BMI ≤30 kg/m^2^. The issue is further complicated by the fact that the criteria for failure differs for a purely restrictive procedure like LAGB, and is defined as \<5% EWL at 2 years.\[[@ref12]\]

The choice of revisional procedure depends on the primary bariatric procedure performed and the indication for revision. Gagner, *et al*. propose that in case of revision after primary LAGB, this decision should depend on the reason for revision.\[[@ref17]\] If the patient has achieved sufficient weight loss but is suffering from band-related complications like slippage, they might benefit from replacement of the band,\[[@ref18]\] or conversion to another restrictive procedure in case of pouch dilatation.\[[@ref17]\] In case of inadequate weight loss from the very beginning or band intolerance or complications like reflux, conversion to LRYGB or BPD is recommended.\[[@ref17]\] On the other hand, Elnahas *et al*. stated that a key principle of revisional bariatric surgery is that if a purely restrictive procedure requires revision, it should be to one with a malabsorptive component and not merely to another pure restrictive procedure.\[[@ref2]\]

The reported outcomes after revisional surgery vary widely. Some studies suggest that morbidity after revisional bariatric surgery can range from 8% to 46%.\[[@ref18][@ref19][@ref20][@ref21]\] For rLRYGB, the complication rate can be as high as 32%--62%,\[[@ref22][@ref23]\] much greater than those for pLRYGB.\[[@ref6][@ref23][@ref24][@ref25]\] This is largely due to technical difficulties encountered during revisional surgery, which is reflected in an increase in operative time. These difficulties include the presence of intra-abdominal adhesions, especially after band infection, adherence of the locking mechanism to the liver/spleen which may cause haemorrhage and obliteration of the lesser sac requiring dissection before each fire of the stapler.\[[@ref26]\] An increase in intra-operative time and bleeding may secondarily increase the risk of respiratory or thromboembolic complications.\[[@ref27]\] However, there are also several publications which report that laparoscopic revision can be performed safely and without compromising successful weight loss if performed by well-trained and experienced bariatric surgeons in high-volume centres.\[[@ref8][@ref28][@ref29]\] In this study, the only complication encountered was a significant drop in haemoglobin requiring blood transfusion, which was similar in both groups (13.3%). The operative time was greater for rLRYGB than pLRYGB (151 ± 17 min for rLRYGB vs. 137 ± 11 min for pLRYGB). There was no increase in duration of hospital stay in the revisional group. There was no mortality encountered in either group.

Several studies comparing revisional and pLRYGB have reported discordant degrees of weight loss. Two previously published case-matched analysis report that patients undergoing revisional RYGB experience less weight loss than those undergoing pLRYGB.\[[@ref22][@ref27]\] Our data too suggest a significantly lower weight loss and fall in BMI in the rLRYGB group at 1 year after surgery. This may be because patients requiring revisional surgery for inadequate weight loss may have learned to adjust their eating behaviour, or that they may have poor dietary compliance.\[[@ref28]\] Others suggest that the physiology of energy metabolism may be different for a secondary procedure than a primary procedure.\[[@ref10]\] In fact, technical factors such as difficulty in creation of an adequately small pouch due to scarring from primary procedure may also contribute to lesser weight loss.\[[@ref10]\] On the other hand, there are series which report a similar degree of weight loss between rLRYGB and pLRYGB.\[[@ref5][@ref28][@ref30]\] The conflicting results between various studies may be due to significant differences in pre-operative BMI in the two groups. This selection bias was eliminated by our case-control matched study design.

A number of studies on comorbidity resolution after revisional surgery showed that revisional surgery was effective in improving obesity-related comorbidities.\[[@ref31][@ref32]\] The study showed similar resolution of comorbidities in both the groups.

The limitation of this study is the small sample size of the revisional group. However, the case-matched study design and the surgical expertise available at a high volume bariatric centre add significant value to this study.

Although the decrease in BMI following rLRYGB is less when compared to the primary procedure, we believe that rLRYGB is associated with reasonable safety and an acceptable rate of complications when performed by experienced surgeons in high-volume centres. Studies with a longer follow-up and larger sample size are required to assess and evaluate the weight loss and late complications in rLRYGB compared to pLRYGB.

CONCLUSION {#sec1-5}
==========

rLRYGB results in safe and effective weight loss as well as resolution of comorbidities in patients with a failed primary bariatric procedure. Although revisional surgery takes longer and is more technically challenging, inexperienced hands and at high volume centres, there is no significant difference in results, morbidity, mortality or LOS as compared to those undergoing pLRYGB.
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